For the last decade enterovirus outbreaks were registered in all of six districts of Belarus. Two of them, reported in 1997 (in Gomel) and in 2003 (in Minsk), were the most extensive and involved 461 and 1,351 patients respectively. Virus ECHO 30 was identified as the dominant etiologic agent of the outbreak in 1997 whereas co-circulation of ECHO 30, ECHO 6 and Coxsackievirus B5 took place in 2003. Analysis of clinical manifestations during the Minsk outbreak revealed unusually high rate of severe clinical forms of infection including aseptic meningitis, encephalitis and myocardial disorders. Epidemiologic observation was ordinary for enterovirus epidemics in temperate climates: the peak of the outbreak was recorded during summer -autumn period of 2003, and 0-14 years old children predominated. Data from the case-control study indicated that illness was associated with drinking water from community water system. Also the laboratory examination demonstrated contamination of different water samples with the epidemic virus serotypes and sequence analysis showed high level of genetic similarity between waterborne and clinical isolates. For these reasons the outbreak should be classified as a waterborne one. Phylogenetic reconstruction showed that all Belarusian ECHO 30 isolates belong to the major genotype of ECHO 30 which has been circulating for last 15 years in Europe and North America. Viral agents of 2003 were very similar and substantially differed from isolates of 1997. Comparison of nucleotide sequences of isolates from myocarditis patients revealed their considerable genetic similarity with ECHO 30 isolates from patients with aseptic meningitis and from water. The results of the study draw attention to the importance of virological control of tap and bottled water as a relevant measure aimed at reduction of epidemiological risks.
INTRODUCTION
Enteroviruses (EV) are widespread human pathogens causing a broad spectrum of diseases ranging from mild, asymptomatic ones to severe disorders with possibility of long-term effects (1) . Genetic variability is a potential for rapid enterovirus evolution that in turn leads to appearance of new antigenic virus variants being able to avoid immune protection (2) . The great part of genus Enterovirus is characterized by epidemic mode of transmission causing numerous outbreaks routinely registered all over the world. Due to dynamics of the modern society enteroviruses easily spread through the human population and the very same serotypes almost simultaneously infect people from geographically distant countries. For the last decade epidemiological surveillance services reported numerous enterovirus outbreaks in different countries -USA, Canada, France, Finland, Germany, Belgium, Romania, Poland, Spain, Russia, Ukraine (3) (4) (5) (6) (7) (8) (9) (10) . During the same period enterovirus outbreaks were registered in all of six districts of Belarus. Two of them, reported in 1997 (in Gomel) and in 2003 (in Minsk), were the most extensive and involved 461 and 1,351 patients respectively. Virus ECHO 30 was identified as the dominant etiologic agent of the outbreak in 1997 (11) whereas co-circulation of ECHO 30, ECHO 6 and Coxsackievirus B5 took place in 2003. The massive outbreak in 2003 was preceded by local outbreaks caused by the very same viruses and registered one-two months before in geographically distant regions of the country (Brest and Minsk regions).
The aims of the present study were to characterize clinical and epidemiologic features of the outbreak in Belarusian capital city of Minsk in 2003, to elucidate phylogenetic relationships of outbreak causative agents and to assess the possibility of waterborne virus transmission.
MATERIALS AND METHODS

Epidemiological Investigation
To determine risk of enterovirus infection associated with consumption of drinking water from community water system a matched case-control study was conducted. The cases included 1,222 patients from group of children (aged < 15) with diagnosis of enteroviral infection. The controls included 564 healthy chil-dren (aged < 15) from the same households. The epidemiological data were analyzed using EpiInfo v.6. Odds ratio (OR) and 95% confidence interval (CI) were calculated.
Collection and processing of Clinical and Environmental Specimens
Clinical specimens were collected from children and adult patients who underwent treatment in Minsk hospitals between July and November 2003. Altogether 1056 specimens of cerebrospinal fluids (CSFs), 105 faeces specimens, 39 nasopharyngeal swabs and 242 serum specimens were examined.
Environmental samples of surface and tap water were collected during the outbreak from artificial and natural reservoirs in recreation areas (10 samples) and community water system (110 samples including 32 samples from the foci of infection). In addition 63 assays of bottled drinking water were performed. Processing of water samples and concentrating of viruses were carried out by filtration of different volumes (100 l -for surface and 1000 l -for drinking water) through inorganic filter and virus elution with 3% beef extract solution.
Virus Isolation and Identification
Enteroviruses from clinical and environmental samples were isolated by thrice-repeated propagation in cell cultures (BGM, RD, Hep-2c) and identified by conventional neutralization test with WHO antiserum pools A to H (12) . Obtained virus isolates were collected and stored at -20 ºC.
Detection of Antienterovirus Antibodies in Serum Specimens
The presence of neutralizing antibodies to each of epidemic enterovirus serotypes (ECHO 6, ECHO 30, Coxsackie B5) in patient's sera was detected as follows: serum samples were diluted 1: 10 and mixed with equal volumes of enterovirus isolates (10 2 TICD 50 /ml) obtained during the outbreak. After one-hour preincubation at 37 ºC mixtures inoculated cell cultures (BGM, RD, Hep-2c). Inoculated flacks were incubated during 7 days and daily examined for viral cytodestruction. An inhibition of cytopathic effect by serum was an evidence of the presence of neutralizing antibodies to enterovirus serotype in that sample.
Immunoglobulins M to enterovirus in serum samples were detected by ELISA with commercial kit manufactured by BRIEM (Belarus).
Viral RNA Extraction, Reverse Transcription and pCR
Enteroviral RNA from clinical, environmental samples and virus isolates was extracted with TRI-reagent (SIGMA) and chloroform followed by isopropanol precipitation. RT-PCR and PCR amplification to exclude contamination of the samples or reaction mixtures as the source of false positive results.
Nucleotide Sequencing of pCR products and Sequence Analysis
Nucleotide sequencing of RT-PCR products was performed with "Thermo Sequenase Cy5 Dye Terminator Cycle sequencing Kit" according to the instruction of the manufacturer (Amersham Biosciences). After completion of the cycle sequencing reactions the products were analyzed with ALFexpress II DNA Analyzer (Amersham Biosciences). The GenBank DNA sequence library was screened for similar sequences using the BLAST program (17) . Nucleotide sequences were multiple aligned with Clustal W (18), compared with one another and with enterovirus sequences from GenBank database. The comparative analysis of the sequences was made with the MEGA computer program, version 3 (19) . To account for the multiple nucleotide substitutions, the pairwise genetic distances were calculated by Tamura-Nei's model of sequence evolution (20) . An unrooted dendrogram was reconstructed from the genetic distances by the Neighbor-joining method (21) as implemented in the MEGA computer program.
RESULTS
Epidemiological Investigation
From July, 27 to November, 9, altogether 1,351 patients (78.65/100,000 population) with clinical manifestation of enteroviral infection underwent treatment in hospitals of Belarusian capital city of Minsk. Following final diagnoses were established: aseptic meningitis (57.5%), herpangina (18.1%), encephalitis (8.8%), and enteric disorders (6.3%). Another 8.8 % of patients developed feebly marked and unspecific symptoms of disease. In about 10% of patients myocardial disorders were observed. According to severity of clinical course 92.1% of cases were classified as middle (1,109 patients), 3.3% (45 patients) -mild and 14.6% -severe (197 patients).
Analysis of the temporal dynamics of the outbreak ( Fig.1) showed isolated instances of disease cases (2 to 9 per day) during 30-32 nd weeks of 2003 (1.46-1.86 /100,000 population). Prominent rise started at 33 rd week of 2003, continued over four weeks (two incubation periods) and reached the peak of 28 cases per day by 36 th week of 2003 (11.6/100,000 population). Despite minor decrease during two following weeks the attack rate was kept high until 39
th week (about 10/100,000 population) then followed by gradual decline. (reverse transcription-polymerase chain reaction) was accomplished according to four different protocols depending on the aim of investigation. For detection of enteroviruses in clinic and water samples, RT-PCR and one tube nested RT-PCR with primers targeted to 5'UTR of enteroviral genome was performed as described previously (13, 14) . Infectious properties of waterborne Most affected age group during the outbreak (Fig.2 ) were children 0-14 years old (90.5%) with different distribution of absolute and relative number of cases: the maximum attack rate was registered among 3-6 years old children (95.3/100,000) whereas the highest absolute number of cases was in the age group of 7-14 (572 cases, 42.3% of all patients). Among adult patients the highest incidence rate (0.64/10000 population) and absolute number (92 patients) was found in adolescents.
Fig. 2. Age distribution of enteroviral infection morbidity among children aged 0-14.
Single foci of infection were registered in 95.6% (n=1,233), multiple -in 4.4% (n=57) of households. In the majority of multiple foci new cases of disease appeared simultaneously (index of simultaneous focus appearance was equal to 2.5).
Data from the case-control study indicated that illness was associated with drinking water from community water system (OR = 1.37; 95% CI: 1.08 to 1.74, p=0.008).
Laboratory Investigation
Patients with aseptic meningitis and meningeal symptoms (n=1051) were examined for the presence of enterovirus RNA in CSF. Enteroviral RNA was detected in 51.6% of CSF specimens (from 48.1% at the initial stage to 89.3% of samples at the peak of the outbreak). Serological investigation revealed IgM to enterovirus in 49.7% of adult patients (n=151) and in 71.4% of children (n=91). Detection of enterovirus RNA in nasopharyngeal swabs from patients with respiratory symptoms (n=31) resulted in 32.3% positive samples. Patients with myocardial symptoms (n=45) were grouped and examined separately from others. Three samples (CSF, nasopharyngeal swab and serum) from each patient were collected and enterovirus RNA was detected by one tube nested PCR. Positive results were obtained in 60.52% of CSFs, 35.0% of nasopharyngeal swabs and in 20.0% of sera for that group of patients. Diagnosis of enteroviral infection was laboratory confirmed for 71.1% of patients with myocardial disorders.
Altogether 32 enterovirus isolates were recovered from 24 faeces samples, 7 CSFs and 1 nasopharyngeal swab. According to results of neutralization test enterovirus isolates were identified as ECHO 30 (60%), ECHO 6 (24%) and Coxsackie B5 (24%).
To elucidate a relative contribution of different enterovirus serotypes to morbidity during the outbreak the presence of neutralizing antibodies to each of three serotypes was examined in randomly sampled sera from 91 patients. Neutralizing antibodies to ECHO 30 isolates were found in 100.0%, ECHO 6 -in 40.7% and Coxsackie B5 -in 30.3% of samples. These data showed that all three serotypes of viruses were etiologic agents of the outbreak with ECHO 30 predomination.
To assess the level of virus contamination of water samples from surface reservoirs of recreation areas, community water system (sampled before hyperchlorination at the initial stage of the outbreak) and bottled drinking water were examined. Enterovirus RNA was revealed in 28.2% of tap water samples (n=110) including 43.85% of samples taken from the foci of infection (n=32) (Fig. 3) . Examination of enteroviral RNA in bottled drinking water (n=63) showed 20.6% positive samples. Ten samples were collected from water reservoirs in recreation areas and enterovirus RNA was found in three of them (30.3%). Positive for enterovirus RNA water specimens were investigated for the presence of infectious viral agents by integrated cell culture PCR. After samples inoculation on three different cell lines (BGM, RD, Hep2c) and five-day incubation of cells they were harvested and examined for the presence of enteroviral negative strain RNA. An evidence of virus replication was obtained for seventeen samples. The level of positive findings for tap water was 9.1%, bottled drinking water -7.9%, surface water -20.0% of samples. Following propagation of positive samples resulted in virus isolation from 7 of them. All virus isolates were recovered from tap water samples and identified as ECHO 30 (71.4%), ECHO 6 (14.3%) and Coxsackie B5 (14.3%). Isolation of viable virus from ten samples containing enteroviral negative strain RNA (including bottled and surface water) was unsuccessful.
Sequence Analysis and phylogenetic Reconstruction
Because of unsuccessful virus isolation molecular typing by direct nucleotide sequencing of PCR products was carried out to identify etiologic agents from myocardial patients. Nucleotide sequences were obtained from clinical specimens (No. 1,092, 1,260, 1,501 and 1,993) collected during the outbreak and compared with the known prototype strain sequences from GenBank. Three of nucleotide sequences had highest similarity scores with Bastianni prototype strain of ECHO 30, and one of them was the most similar to ECHO 6 prototype strain Burgess (Table 1) . Table  2) as well as 26 enterovirus strains sequences from GenBank is depictured on Fig. 4 .
All sequences formed three common clusters with their prototype strains -Bastianni, Burgess and Faulkner. Molecular evidence of the waterborne virus transmission was obtained by 
DISCUSSION
Etiologic agents of the outbreak in the Belarusian capital city of Minsk (ECHO 6, Coxsackievirus B5 and ECHO 30) were the very same serotypes that caused outbreaks in different European countries and USA as it has been recently published (4-10, 23, 24) . The last reported ECHO 30 outbreaks were in Romania (1999) (24) , Belgium (2000) (5), and France (2000), when simultaneous co-circulation of ECHO 30, ECHO 6 and ECHO 13 was reported (9) . Previous large ECHO 30 outbreak took place in Belarusian city of Gomel in 1997 (11) .
Analysis of clinical manifestations during the Minsk outbreak revealed unusually high rate of severe clinical forms of infection including encephalitis in 8.8% and myocardial disorders in about 10.0% of patients, whereas mild infections were registered only in 3.3% of patients. Enteroviral etiology of disease in myocardial patients was confirmed by RT-PCR in 71.1% of cases. The presence of Coxsackievirus B5 in spectrum of isolated viruses suggested that Coxsackievirus B5 might be the etiologic agent in myocardial patients. However, results of sequencing of four randomly sampled clinical specimens revealed presence of ECHO 30 in three and ECHO 6 -in one of them. Obtained results pointed out at possible involvement of echoviruses in myocardial complication during the Minsk outbreak in 2003.
Epidemiologic observation (season and age distribution) was typical for enterovirus epidemics in temperate climates: the peak of the outbreak occurred during summer-autumn period of 2003, with 0-14 years old children affected utmost. High level of simultaneously appeared new cases in multiple foci of infection and short onset period of the outbreak with synchronous involving of people from different city districts led to assumption about common source of virus spreading. Laboratory examination revealed considerable portion of drinking water samples being contaminated with the epidemic virus serotypes. Obtained epidemiological data showed that illness was associated with consumption of drinking water from community water system. Results of phylogenetic analysis were in agreement with these data and revealed high levels of genetic similarity between waterborne and clinical isolates. Taken together these findings indicate that outbreak of enteroviral infection in the Belarusian capital city of Minsk should be classified as a waterborne outbreak.
Despite proved causative role of the three different enterovirus serotypes (ECHO 30, ECHO 6 and Coxsackie B5) our findings showed ECHO 30 predomination at the time of the outbreak. In The findings lead to assumption that population of patients with enteroviral heart infection may be part of the cohort of diseased people affected during waterborne outbreaks. Some of these people may later develop severe cardiac disorders including myocarditis and dilated cardiomyopathy.
The results of this study accentuate the fact that existent watersupply systems in cities with surface water as a source, including Minsk, may be extremely vulnerable in the context of potential viral contamination. At present time commonly used procedures of water refinement and disinfection on water inlet structures do not guarantee epidemiological safety of water with respect to human pathogenic viruses. Obtained data on enterovirus detection in bottled drinking water during the outbreak along with previously reported findings of Norwalk-like viruses in mineral water (26) draw attention to the problem of bottled water contamination by enteric viruses as a potential way of virus transmission.
In view of the aforesaid intensification of city water supply systems surveillance becomes a problem of urgent importance (especially in cities with surface waterbodies as a source). Implementation of regular and strict quality control of tap and bottled water considering virus contamination may be a relevant measure aimed at reduction of epidemiological risks.
